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METABOLISM OF DETACHED, SENESCING CORN LEAVES: 
SOME EVENTS ABOUT THE DISASSEMBLY 

Chu-Tzun Chen, Chu-Yung Lin and Yih-Ming Chen 


Abstract: First leaves of 8-day-old, light grown corn seedlings were cut 
and then were floated in water or 1 X 10' s M N 4 -benzyladenine (BA) solution 
at 28°C in the dark. Under these conditions, the leaf segments in water showed 
a significant lose chlorophyll, protein and RNA after 2 days. Treatment with 
BA delayed the appearance of these symptoms. Protease and RNase activities 
of segments floated in water were seen to increase. If leaf segments were 
preincubated with 35 S-methionine for five hours under light shortly after cut 
and then transfered to the treatments described above, the segments floated 
in BA solution had more radioactivity in the protein fraction than the segments 
floated in water. We concluded that BA can supress the increase of proteolytic 
activity normally associated with senescence. During senescence the respiration 
rate of leaf segments increased. Acid phosphatase activity increased strongly 
during the late stages of senescence of leaf segments. The contents of hemi- 
cellulose I, II and cellulose of the cell wall did not decrease significantly. 


INTRODUCTION 

Inside plant cells, metabolism and catabolism occur at all times. Life is maintained in a 
dynamic state. When cells are senescing, catabolism runs more rapidly, and high molecular weight 
molecules degrade into low molecular weight for which are normally transported to other parts 
of the plant (Nooden, 1980). That is an economical strategy. 

Although the senescence phenomenon is a process of cellular breakdown, it is an ordered 
process with patterns and sequences. The process looks like an orderly retreat (Thomas and 
Stoddart, 1980). 

For most plants studied, cytokinin can delay senescence of detached leaves (Thimann, 1980). 
The decline of cholorophyll and protein content is markedly delayed by cytokinin. 

During senescence hydrolytic activity in the cells increases. The activity of acid phosphatase, 
which can remove phosphate from many kinds of molecules (Leo and Sacher, 1970), also 
increases. 

Cell wall polysaccharides occupy a great portion of the biomass of the cell. Few studies 
have focused on them. Matile (1974) measured the amount of cell wall polysaccharides and 
concluded that during senescence cell wall polysaccharides are degraded. But the extraction 
process he used was rather crude. So we used the procedure provided by Nishitani and Masuda 
(1983) to repeat the experiments. Because the pectin fraction was too dilute to be assayed, 
we measured the other 3 fractions: hemicellulose I, II, and cellulose. We also measured 
chlorophyll, protein, and RNA content and the activity of their hydrolytic enzymes; acid 
phosphatase activity and respiration rate. 
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MATERIALS AND METHODS 


Plant material 

Corn seeds (Zea mays L. cv. Tainan No. 11) were presoaked in water and sown in vermiculite. 
The seedlings were grown at 25 ± 2°C under a 14 hours photoperiod provided by fluorescent 
and incandescent lamps with an intensity at plant height of 7,000 lux. Three centimeter of 
apical segments were cut from the first leaves of 8-day-old seedlings, sterilized in a 0.1% solution 
of sodium hypochlorite for 3 min, washed with distilled water and then floated on distilled water 
or 1 x 10' 5 M BA solution in the dark for up to 6 days. 


Estimation of Chlorophyll, Protein, and RNA 

The leaf segments were extracted with boiling 80% ethanol for 45 min and chlorophyll 
was estimated by absorption at 652 nm (Arnon, 1949). Protein was extracted from the segments 
with IN NaOH in boiling water bath for 30 min (Martin and Thimann, 1972) and estimated 
by method of Lowry et al. (1951). The RNA was extracted with 0.1M acetate buffer (pH 5.5), 
incubated for 60 min at 30°C, and precipitate by adding McFadyen’s reagent. After centrifuga¬ 
tion, the absorbance of the supernatant was read at 260 nm (Richmond and Lang, 1957). 

Assay of Protease and RNase Activities 

The procedures for assaying protease and RNase activity were those of Martin (Martin and 
Thimann, 1972) and Shibaoka (Shibaoka and Thimann, 1970), respectively. 

Labeling of samples 

Twenty-five leaf segments were floated in a 250-ml flask containing 5 mM phosphate buffer 
(pH 6.0) and 0.01% Tween-20 at 25 ± 2°C and then were labeled with 35 S-methionine (55.5 
fiCi/ml incubation buffer) for 5 hours under incandescent light (5,000 lux). The labeled leaf 
segments were rinsed with 1 mM methionine for three times and then were floated on 5 mM 
phosphate buffer containing 1 mM methionine (as control) or and 1 x 10” 5 M BA (as BA treated) 
for different intervals at 25 ± 2°C under dark condition (Richmond and Lang, 1957). 

SDS-polyacrylamide gel electrophoresis and fluorography 

Protein samples from segments were extracted with 50 mM Tris-HCl (pH 8.5), 2% SDS, 2% 
2-mercaptoethanol and 1 mM PMSF and then subjected to SDS-polyacrylamide gel electrophoresis 
according to the method of Laemmli (1970). Electrophoresis gel were fixed in 10% (w/v) TCA, 
glacial acetic acid (v/v) and 30% methanol (v/v), enhanced with EN 3 HANCE (New England 
Nuclear) and then dried. The dried gel was fluorographed with X-ray film (Agfa) at —70°C. 


Measurement of radioactivity of the protein fractions 

Appropriate amounts of samples were placed on Whatman 3 MM filter papers. After drying, 
the filter papers were placed in 15% TCA for 20 min, boiled in 5% TCA for 3 min, and then 
washed with 5% TCA and 95% ethanol, dried and then counted according to the method of 
Mans and Novelli (1961). 
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Measurement of respiration 

Oxygen consumption was determined in the dark in the Warburg vessels at 28°C. (Umbreit 
etal. 1957). 

Polyacrylamide gel electrophoresis of acid phosphatase 

The procedures for the extraction and the analysis of acid phosphatase activity during leaf 
senescence by gel electrophoresis were followed the methods of Pan (1985). After gel electro¬ 
phoresis, the slab gel was incubated in the 100 ml of reaction solution containing 0.2 M sodium 
acetate buffer (pH 5.4), 0.1% a-naphthyl phosphate, 0.1% Fast red TR salt, and 5 mM MgCl 2 
overnight. 


Quantification of the hemicellulose I, hemicellulose II and cellulose of cell wall 

Hemicellulose I, II and cellulose from the cell wall were fractionated according the pro¬ 
cedures described by Nishitani and Masuda (1983). Hemicellulose I and II fractions were 
neutralized by acetic acid. Dried cellulose was dissolved in 72% sulfuric acid. Total sugars of 
each fraction was determined by the phenol sulfuric acid method (Dubois etal., 1956). 


Abbreviation 

BA: N 6 -benzyladenine 

TCA: trichloroacetic acid 

PMSF: phenylmethylsulfonyl fluoride 

SDS: sodium dodecyl sulfate 


RESULTS AND DISCUSSION 

Change in Chlorophyll, Protein, and RN A Content 

After cutting from their parent seedlings, leaf segments in the dark showed significant losses 
of chlorophyll, protein and RNA. She days after cutting, the chlorophyll, protein and RNA 
contents were 17%, 21%, and 48% of their initial values, respectively. The BA-treated leaf 
segments maintained more of these constituents and their chlorophyll, protein, and RNA contents 
were 80%, 79%, 69% of the initial values, respectively (Figs. 1,2, 3). 


Protease Activity 

In order to assay protease activity, we used hemoglobin as the substrate. At pH 4, protease 
activity increased 7 fold after 6 days in the dark. In the BA-treated leaves, the protease activity 
only increased slightly (Fig. 4). This strongly indicated that the decline in protein content 
during leaf senescence is the result of an increase in protease activity. 


RNase Activity 


Just like protease activity, RNase activity also increased during leaf senescence (Fig. 5). 





RNA contcnl (mg/g (issue) 
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Fig. 5. RNase activity of detached corn leaves during senescence. 
A: HjO •: BA 



Disappearance of Prelabeled Protein From Leaves During Leaf Senescence 

To confirm the difference of rate of proteolysis between H 2 0-treated and BA-treated leaf 
segments, experiments were done to measure the disappearance of pre-labeled leaf proteins. 

Leaf segments, shortly after cutting, were incubated in 35 S-methionine solution for 5 hours, 
washed several times with phosphate buffer, and then transfered to 1 mM methionine in the 
floating solution. 

During the senescence of leaf segments, we counted the radioactivity of the hot-TCA insoluble 
fraction. The hot-TCA insoluble fraction was regarded as protein. As Fig. 6 shows, pre-labeled 
protein in H 2 0-treated leaf segments degraded more rapidly than in the BA-treated leaf segments. 

Furthermore we traced these pre-labeled proteins during senescence by running them on 
SDS-polyacrylamide gels (Fig. 7). 

The five most distinct bands in the gel, as indicated by the arrows, with the molecular weight 
of 89.0, 81.3, 71.0, 59.0 and 22.4 kd, respectively, degraded more rapidly in the H^O-treated 
leaf segments than in the BA-treated ones. Among those Five bands, the 89 kd protein degraded 
more rapidly than the others. So, it was apparant that degradation rates for different cellular 
proteins during leaf senescence are not the same. 




Radioactivity, CPM/scgmcnt 
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Respiration 

Oxygen uptake of leaf segments floated in water increased after 2 days, reached to the 
maximal value after 4 days in the dark and then declined (Fig. 8). Increase of respiration rate 
is often correlated with degradation events. Martin and Thimann observed that anoxia inhibits 
chlorophyll and protein degradation (Martin and Thimann, 1972). These data suggested that 
cellular energy is required during senescence. 



Fig. 8. Time course of respiration rate of detached corn leaves during senescence. 
A-A : H,0 BA 


Increase of acid phosphatase 

Phosphate is a very important ion in the cell. Many molecules vital for living cells contain 
this ion. It can be removed from several cellular components, such as proteins in senesced leaves 
(Nooden, 1980). As Fig. 9 shows, acid phosphatase activity increased during senescence, 
especially in the late stages of senescence. This enzyme contains at least 5 isozymes, according 
to the gel electrophoregram after staining with its enzymatic activity. Acid phosphatase can 
remove phosphate groups from many kinds of molecules (Leo and Sacher, 1970). This enzyme 
may play an important role by removing the phosphate groups during senescence. 
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Fig. 9. Polyacrylamide gel electrophoresis of native acid phosphatase from 
detached, senescing corn leaves. 


Content of cell wall polysaccharides 

In the process of extracting cel) wall polysaccharides, we washed the homogenate many 
times with water and ethanol. If the cell wall polysaccharides had been degraded to low molecular 
weight molecules to some extent, the cell wall polysaccharides we extracted would not contain 
these low molecular weight molecules. 

As Table 1 shows, the content of hemicellulose I, II, and cellulose did not decrease signifi¬ 
cantly. But Matile (1974) showed that the senescing tobacco leaf discs appears to be accompanied 
by conspicuous changes of contents in non-cellulosic wall components. The treatment with 
BA not noly seems to delay the breakdown of non-cellulosic polysaccharides, but also results 
in a slight net increase of hemicelluloses, and uronic acid contents during the initial phase of 
the experiment. This may be due to the differences between the materials or the methods for 


Table 1. Amount of cell wall polysaccharides in senesced corn leaves 


Treatments 

Cell wall component 

0 day 
(initial) 

6 days 

Water 

(mg/g. fresh weight) 

BA 

Hemicellulose I 

5.66 ± 0.41 

5.36 ±0.23 

5.43 ± 0.03 


(100%) 

(94.7%) 

(95.9%) 

Hemicellulose II 

5.23 ±0.11 

4.97 ± 0.08 

4.96 ± 0.03 


(100%) 

(95.0%) 

(94.8%) 

Cellulose 

16.07 t 1.08 

17.56 ±0.80 

16.49 ± 1.28 


(100%) 

(109.3%) 

(102.6%) 
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the extraction of each cell wall components used in experiments. But the hormonal regulation 
of hydrolases possibly involved in cell wall metabolism of senescing leaves needs further in¬ 
vestigation. 
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